Background: Hospitals have a critically important role in the management of mass causality incidents (McI), yet there is little information to assist emergency planners. a significantly limiting factor of a hospital's capability to treat those affected is its surgical capacity. We therefore intended to provide data about the duration and predictors of life saving operations. Methods: the data of 20,815 predominantly blunt trauma patients recorded in the trauma Registry of the german-trauma-society was retrospectively analyzed to calculate the duration of life-saving operations as well as their predictors. Inclusion criteria were an Iss≥16 and the performance of relevant IcPMcoded procedures within 6h of admission. Results: from 1,228 patients fulfilling the inclusion criteria 1,793 operations could be identified as life-saving operations. acute injuries to the abdomen accounted for 54.1% followed by head injuries (26.3%), pelvic injuries (11.5%), thoracic injuries (5.0%) and major amputations (3.1%). the mean cut to suture time was 130min (IQR 65-165min). logistic regression revealed 8 variables associated with an emergency operation: aIs of abdomen ≥3 (oR 4,00), Iss ≥35 (oR 2,94), hemoglobin level ≤8 mg/dl (oR 1,40), pulse rate on hospital admission <40 or >120/min (oR 1,39), blood pressure on hospital admission<90 mmHg (oR 1,35), prehospital infusion volume ≥2000 ml (oR 1,34), gcs ≤8 (oR 1,32) and anisocoria (oR 1,28) on-scene. Conclusions: the mean operation time of 130min calculated for emergency life-saving surgical operations provides a realistic guideline for the prospective treatment capacity which can be estimated and projected into an actual incident admission capacity. Knowledge of predictive factors for life-saving emergency operations helps to identify those patients that need most urgent operative treatment in case of blunt McI.
IntRoDuctIon a mass casualty incident (McI)
is an infrequent event that requires coordinated action under time constraints [1] . In the last years, beside natural disasters, transportations and structure failure incidents, terrorist bombings have emerged to be a particularly devastating and medically challenging type of a McI [2, 3] . the sudden influx of patients seeking similar medical interventions strains critical hospital facilities and resources [1] .
aside from incident scene operations such as triage treatment and transport, hospital operations such as trauma room resuscitation, computed tomography (ct) and the intensive care unit (Icu) capacity, another major bottleneck in the management of a mass casualty incident (McI) is operational surgical treatment capacity [1, 4, 5] . Despite the significance of this restriction in a chain of processes, there is little data available in the literature about the duration or predictors.
Predictive resource planning is an important factor in risk management. for planners to conduct scenario analysis and develop operational procedures, basic parameters are essential [6] . at the entity level, the inhospital management of a McI must take the number of available surgical operation teams as well as the expected duration of life-saving emergency operations into account [4] . furthermore it is important to consider that time of the incident has potential impact on the availability of personnel and therefore on the treatment capacity of trauma centers. outside of normal operating hours the situation has to be managed initially by in-house and regular background staff only. at local, state and federals levels indications of how and when an emergency response system may be overwhelmed can help plan investment and emergency response policy.
the goal of this study is to analyze the data collected by the trauma Registry of the german trauma society and calculate the mean duration and distribution pattern of life-saving operations as well as their predictors. this information is of potential use if one as-sumes that injury patterns and individual surgical times would be the same in the event of an McI. thus these parameters could help to plan and optimize pre-hospital patient distribution and prioritized in-hospital treatment of McI victims. It can also help to determine surge capacities.
MEtHoDs

Data collEctIon
the trauma Registry of the german trauma society was initiated in 1993 by the society's "Working group on Polytrauma" to collect data of polytrauma victims within german-speaking countries (germany, austria and switzerland) [7] .
this trauma registry is a prospective, multicenter, standardized and anonymized documentation of severely injured patients. Parameters of the prehospital and trauma room (tR) treatment as well as of the subsequent intensive care unit course are continuously inputted to a web-based data server. the data that is entered is based on a standard codebook that defines each data element. the data are checked for plausibility before they are finally entered and included into the database. Every trauma patient admitted to one of the 100 participating trauma hospitals** with an Iss ≥ 16 (Injury severity score) or who receives Icu (intensive care unit) treatment or who dies in the trauma room is documented for the registry. Data is submitted to a central database hosted by the Institute for Research in operative Medicine (IfoM) at the university of Witten/Herdecke in cologne, germany. Data anonymity is guaranteed both for the individual patient and the participating hospital. the registry constitutes epidemiologic, physiologic, laboratory, diagnostic, operative, interventional and intensive care medical data as well as scoring and outcome data [8] [9] [10] . the content of the database in 2005, comprising of 20,815 patients from 1993 to 2004 with a mean Iss of 24.0, was analyzed.
Inclusion criteria were: -Iss ≥ 16, -emergency operation within 6h after hospital admission and -available information on the beginning and duration of the operation. Patients transferred from other hospitals were excluded.
the criteria of a life-saving operations were as follows (modified according to garner et al. [11] ): -Relevant, life-saving operation at the head, thorax, abdomen, pelvis or major amputation of the limbs, -exclusion of minor interventions as insertion of a intracranial pressure catheter (IcP), insertion of a chest tube or laparoscopy, -exclusion of orthopaedic operations at the spine or the limbs with exception of major amputations. all operations within the trauma Registry are documented as IcPM-codes (International classification of Procedures in Medicine, version 1.1). the emergency operations were identified according to the IcPMcodes given in table in the appendix.
statIstIcal analysIs
Retrospective statistical analysis was performed in two steps. First, a descriptive data analysis was performed, second, a logistic regression model was calculated. the following parameters were used to perform a descriptive data analysis.
Prehospital:
trauma mechanism, age, sex, pulse rate, blood pressure, rate of patients in shock (blood pressure onscene < 90mmHg), intubation rate on scene, rate of chest tube insertion on-scene, gcs (glasgow coma scale), infusion volume and time from accident to hospital admission.
Trauma Room:
Pulse rate, blood pressure on admission, rate of patients in shock, base excess, hemoglobin concentration, thromboplastin time, number of packed red blood cells (PRBc) transfused, infusion volume in trauma room until Icu and rate of computed tomographies performed.
Intensive Care Unit:
Iss, new Iss (nIss), pattern of injuries (abbreviated injury severity score, aIs ≥ 3), tRIss (trauma and injury severity score), rate of multi organ failure (Mof, defined as organ failure of two systems of > 2 sofascore points of at least 2 days duration [12] ), ventilation days, Icu length of stay, hospital length of stay and survival rate (defined as survival to discharge).
the following parameters were dichotomized for bivariate and multivariate logistic regression analysis:
Prehospital: age ≥ 75 versus < 75 years, female versus male gender, non-insertion of chest tube vs. insertion of chest tube, non-performance vs. performance of closed chest cardiac massage, pulse rate ≤ 39 or ≥ 120/min versus 40-120/min, blood pressure > 90 versus ≤ 90 mmHg, gcs on scene > 8 versus ≤ 8, isocoria vs. anisocoria of the pupils and infusion volume ≥ 2000 ml versus < 2000 ml.
Trauma Room: non-performance versus performance of closed chest cardiac massage, pulse rate ≤ 39 or ≥ 120/min versus 40-120/min, blood pressure > 90 versus ≤ 90 mmHg, hemoglobin concentration > 8 versus ≤ 8 mg/dl, thromboplastin time > 50% versus ≤ 50%, Iss ≥ 25 versus < 25, Iss ≥ 35 versus < 35 and aIs head, thorax, abdomen and extremities respectively ≥ 3 versus < 3.
after dichotomisation a bivariate analysis followed by a logistic regression model with life-saving emergency operation within 6h after hospital admission as the target variable was calculated. the 20 variables listed above were entered into a stepwise multivariate logistic regression model (stepwise forward elimination) to identify independent risk factors for an emergency operation by calculating odds ratios for each factor as well as 95% confidential intervals (cI 95%). statistical significance was assessed at p < 0.05. statistical analy-sis was performed using sPss Version 15.0 (sPss Inc., chicago, Il, usa).
this study has the full approval of the ethics committee of the ludwig-Maximilians-university (lMu) of Munich, germany.
3. REsults amongst the 20,815 patients in the trauma Registry 9,988 had complete data according to the inclusion criteria. Included in these 9,988 patients were 7,907 who received an operation (non-emergency and emergency) within 6h after hospital admission. of those, 1,228 patients (12.3%) underwent 1,793 life-saving emergency operations fulfilling the criteria mentioned above, i.e. 1.5 emergency procedures per patient (separate operations or multiple operative procedures during one operating room visit). table 3 shows the predictive factors for an emergency operation according to the results of our logistic regression model. the highest probability for a life-saving emergency operation (i.e. odds ratio, oR > 1) is an aIs of the abdomen of equal or more than 3, followed by high Iss, low hemoglobin concentration, pathologic pulse rate, shock on hospital admission, high prehospital infusion amount, low gcs and anisocoria.
an aIs of the extremities ≥ 3, high age, closed chest cardiac massage on-scene and an aIs of the thorax ≥ 3 are predictors for non-performance of lifesaving emergency operations (oR < 1).
DIscussIon
Providing for the security of the citizen does not stop when preventative measures have been applied. security also encompasses protection against the negative consequences of a destructive event should preventative measure fail. Proactive or "emergency" planning should be undertaken by organization governments and entities alike as the basis for implementing adequate measures to reduce the magnitude of loss caused by those events that could not be averted. the health sector is not exempt from this responsibility.
EuRoPEan [13, 14] . Preparations for major events, such as the soccer world cup, entail planning for the management of mass casualty incidents.
the in-hospital management of a McI can not occur "ad hoc" and must be planned. to estimate the treatment capacity of a hospital, the available resources as well as approximative data about the distribution and duration of life-saving emergency operations are basic requirements.
In this study, we analyzed the trauma Registry of the german trauma society. the collective represents severe blunt trauma victims requiring emergency surgery expressed by a mean Iss of 36.5. the collective is thus comparable to those victims that are critically injured within a McI. the mean Iss of the critically injured patients in the Madrid bombings for example was 34 [13] . the fraction of patients with an Iss ≥ 16 consecutive to terrorist bombing are reported to range from 15% and 30.5% related to the overall number of victims [15] [16] [17] [18] [19] .
garners analyses of 1,144 trauma patients measured the accuracy of different McI triage algorithms. their aim was to find out predictors for "critical injury" which was defined as the requirement for nonorthopedic operative procedure within 6h after admission. these procedures included thoracotomy, laparotomy, craniotomy or fluid resuscitation of > 1000ml due to hypotension, transfusion, requirement for invasive central nervous system monitoring or the necessity for airway management, requirement for assisted ventilation or decompression of a tension pneumothorax. garner identified 135 (11.8%) critically injured patients fulfilling one or more of these criteria. 49 (4.3%) required emergency surgery [11] .
We specified these criteria defining a life-saving operation as a relevant operation (IcPM-coded) at the head, thorax, abdomen, pelvis or extremities in case of major amputation within 6h after hospital admission excluding minor interventions and orthopedic operations. We were able to identify 1,228 major trauma patients that underwent life-saving surgery which is to the best of our knowledge the highest number of such patients that has yet been analysed. our study population is comparable to the 49 patients and with some reservations also to the 135 critically injured reported by garner [11] . to estimate the operation capacity in the case of a McI, it can be assessed that approximately one third of the critically injured patients coded as "red", according to the "simple triage and rapid treatment" concept (staRt), require life-saving emergency surgery [11, 20, 21] . our analysis of the trauma Registry demonstrated that 12.3% of the investigated 9,988 patients underwent 1,793 emergency operations. this means that at an average every patient required 1.5 emergency operations.
It can be assumed that our investigated collective is comparable to patients coded as "red" in the staRt concept. this assumption is based on the high prehospital intubation rate, high rate of patients in shock, high rate of patients that were in deep unconsciousness, a high prehospital infusion rate, and a high injury severity score.
to the best of our knowledge there is nearly no data in the literature measuring the duration of an emergency operation of McI or non-McI trauma patients. Morales et al. investigated 762 abdominal trauma patients to identify predictors for intra-abdominal infection. they report on a mean operation time of 120 minutes in their cohort [22] .
Hirshberg et al. performed a computer simulation to estimate the mean surge capacity of a level I trauma center after a terrorist bombing. they empirically estimated the operation time for general trauma to be 129 min [4] . they calculated that an average of 4.6 major trauma patients per hour could be managed by a level I trauma center during a McI.
the analysis performed in this study demonstrated a mean cut to suture time of 130 min for a life-saving emergency operation. Based on this time (amongst many other factors) hospitals preparing for a McI can plan and calculate their surge capacity, in particular their operative (surgical) capacities.
the distribution of the identified emergency operations to different body regions helps to estimate the surgical disciplines required to cope with a McI. Most of the operations were related to the abdomen (general surgeons), followed by the head (neurosurgeons), pelvis and extremities (orthopaedic surgeons) and the thorax (general or thoracic surgeon).
Based upon this distribution it can surmised that an urban environment has at least the functional facilities to manage an McI, with the exception of neurosurgery where departments may be overstrained. Rural environments could be lacking in general-, orthopedicand thoracic surgical facilities.
turegano-fuentes et al. report on 32.3% orthopedic operations, 16.9% plastic reconstructive, 13.7% general abdominal and on 8.9% neurosurgical operations consecutive to the Madrid bombings in 2004. they did not discriminate between non life-saving operations and life-saving emergency operations. the body regions predominantly affected were face (56.8%), followed by chest (38.9%), extremities (13.9%) and the abdomen (5.5%) [23] . this pattern is different to that we observed in our collective (see limitations).
Kluger et al. demonstrated that the distribution pattern of required surgery of bombing victims differs significantly from "conventional" trauma (p<0.001). they found 21.2% orthopaedic operations, 12.7% abdominal, 6.7% neurosurgical and 6.2% thoracic operations [16] . the pattern of injuries after a terrorist bombing attack reported by Peleg et al. is also different to ours. they report on 30.8% head injuries, 30.8% thoracic, 19.2% abdominal injuries and 19.2% combinations whereas we found the abdominal and head injuries to be leading [19] . In his study from 2004 Peleg et al. focuse on gunshot and explosion injuries describing injuries of the extremities to be most frequently, followed by injuries to the head, chest and the abdomen [18] .
the presented distribution pattern of emergency operations of our study can help hospitals to prepare for predominantly blunt McIs such as transport accidents, by addressing the necessary provision and presence of the most relevant surgical disciplines.
to identify independent predictors for an emergency operation a logistic regression model was calculated. the highest probability indicating the need for a life-saving emergency operation (i.e. odds ratio/oR > 1) is a high aIs of the abdomen, followed by high Iss, low hemoglobin concentration, pathologic pulse rate, shock on hospital admission, high prehospital infusion amount, low gcs and anisocoria. low hemoglobin levels can either represent ongoing bleeding and/or dilution effects consecutive to prehospital volume treatment.
contrary, an aIs of the extremities ≥ 3, high age, closed chest cardiac massage on-scene and an aIs of the thorax ≥ 3 are predictors for non-performance of life saving emergency operations (oR < 1). this may be explainable by the fact that injuries to the extremities are rather limb or joint threatening than really life threatening in most of the cases. High age of more than 75 years seems to be an indicator for a poor outcome and therefore indicating that the medical team should consider not to do all that might be technically possible if this would clearly jeopardize other patients with good predicted outcomes.
In the same way, the necessity to administer closed chest cardiac massage on-scene may be a factor to consider when deciding to apply possible emergency operations.
the fact that injuries of the thorax (aIs ≥ 3) are not associated with life saving emergency operations may be explained because the most frequent of these injuries, such as pneumo-and/or hemothoraces, can be successfully treated by chest tube insertion in most of the cases. chest tube insertion was defined to be a minor intervention and did not account for life-saving emergency operations (see exclusion criteria). Rib fractures and lung contusions can be treated adequately on an intensive care unit without surgical intervention.
to the best of our knowledge there is little data in the literature providing predictive factors for emergency operations in major trauma patients. lipsky et al. report prehospital hypotension to be a predictor of the need for an emergency operation in trauma patients showing normal blood pressure at hospital admission (n = 1,067) [24] . our data underlines the role of shock at hospital admission as a prognostic factor for operative intervention. almogy et al. calculated the following predictors indicating intra-abdominal injury with consecutive emergency operation: Penetrating torso injury and injury to four or more anatomic body regions [25] . In another study almogy et al. calculated burns, open fractures and amputations to be predictors for death of terror victims [26] . frykberg underlines the importance of being able to perform emergency operations by highlighting the "immediate presence of surgeons" as one of the most relevant prognostic factors affecting casualty outcome after terrorist bombing [27] .
the presented predictors of our analysis may be of use to the medical teams on-scene and in the emergency departments in quickly identifying those patients who require urgent emergency surgery. the factors pathologic pulse rate, shock on hospital admission, high prehospital infusion amount, low gcs and anisocoria can be easily checked on-scene or immediately after trauma room admission. the aIs of the abdomen and the Iss can be estimated after sonography, X-ray or computed tomography. low hemoglobin concentration can be quickly confirmed by early blood gas analysis. thus the knowledge, awareness and registration of the predictors mentioned above can guide the decision to carry out life-saving emergency operations on critically injured blunt trauma victims during McI.
We would like to emphasize the importance of abdominal injury. In our study an aIs ≥ 3 (oR 4.0) was a strong indicator of the target variable "life-saving emergency operation". In our opinion this justifies evaluating focused abdominal sonography for trauma (fast) as on scene activity. there is strong evidence that fast is an effective, safe, quick and reliable tool with good rates of sensitivity (83%) and specificity (98%), even in the prehospital setting [28] [29] [30] [31] . according to the aIs-2005-dictionary free fluid -the main interest of fast -can be expected in injuries of the abdomen with an aIs ≥ 3 [32] .
this could be used to quickly identify patients who must receive expedient transport to a surgical facility but were not identified at an earlier stage of the triage process. thus fast could be included in a McI algorithm as a triage activity and tasked to trained physicians and paramedics. on hospital admission fast should then be repeated in order to decide which patient requires further evaluation by multi-slice-computed tomography (Msct) or immediate operation.
Patients with low gcs and/or pupillary dysfunction should also be selected for early Msct (accelerated triage protocol) to detect major head injury [33] . this would help to distribute the ct capacity which is one of the above mentioned bottlenecks in the management of McI. ct could thus be implemented rationally as a triage tool [33] .
there are several limitations of our study. the first is that our study is not prospective, a prospective design, however, is difficult to implement in mass casualty medicine.
next, our data is predominantly from patients who have sustained blunt injury. the implications of our findings cannot be transferred to penetrating injuries. It has been demonstrated that bombings results in specific multidirectional injury patterns due to the blast and the projectiles [16] . our results could primarily contribute to optimize the planning and preparation of the in-hospital management of mass casualty patients who have suffered blunt injury as for example after natural disasters, transportation and structure failure incidents, specifically earthquakes, tornados and hurricanes. It cannot be estimated how far a "standard" blunt major trauma victim is comparable to a blunt McI patient.
Due to our detailed inclusion criteria only 9,988 of the 20,815 patients comprised in the trauma registry could be used for our analysis. Due to missing data in our registry, the logistic regression model could only be performed with 62% of the 9,988 patients. this might bias the results.
another fact that might bias our results is the fact that patients that die on-scene are not recorded in the registry.
as the participating hospital was free to choose its own algorithmic work-up, there were no clear and consistent indications for or against emergency operations. this may also bias our findings. Due to the structure of the registry there is no detailed information on operational differences in the participating hospitals. furthermore we do not know which hospital has implemented the principles of atls ® and to which extent.
Potentially different inter-center consistency in grading injuries (aIs, Iss) may also bias our data. there are significant organizational and structural differences depending on the region and the federal state in germany. this might have additional and unquantifiable influence on our results.
Despite these limitations, our results indicate that the average cut to suture time of a life-saving emergency operation in blunt major trauma patients is 130 min. supposing that trauma victims coded as "red" refer to critically injured patients, at least every 5th case requires life-saving emergency surgery. Every second operation will be at the abdomen, every fourth at the skull. Knowledge of this information provides a realistic guideline for the prospective treatment capacity, which can be estimated and projected into an actual incident admission capacity.
In conclusion, the predictors high aIs of the abdomen, high Iss, low hemoglobin concentration, pathologic pulse rate, shock on hospital admission, high prehospital infusion amount, low gcs and anisocoria indicate high probability of a necessary life-saving emergency operation in blunt trauma / McI victims. they can be attained early and easily and could be incorporated into a McI triage algorithm. the implementation of fast at a McI scene and at hospital admission should be further evaluated and discussed. as the surgical operation capacity is one of the critical bottlenecks of a hospital in the McI management process, our findings may contribute to increase the effectiveness of planning for both in-hospital and general management of a blunt mass casualty incident.
Statements:
